Abstract: This review aims at giving an overview of the present status of nanorobotics in cancer therapy. With the aid of biotechnology, molecular biology (as engineered organism) and molecular medicine can develop fully self-sufficient nanorobots/nanobots. The nanorobotics considered, as a wonderful vision of medicine in the future are an advanced submicron device generally made of bio-nanocomponents. It has an eminence future in the drug delivery technology target in cancer, the disease that leading cause of death among younger than 85 years. Nanorobots could carry and deliver large amounts of anti-cancer drugs into cancerous cells without harming healthy cells, reducing the side effects related to current therapies like damage of the conventional chemotherapy. This paper presents a study on different approaches employed towards cancer treatment using nanorobots. Further, it also provides an insight into the future scope in this field of study.
Introduction
The nanotechnology, an impressive technological tendency has been highlighted by researchers in recent decades and it goes through the rapid growth of electronics for applications in communication, health care (called nanomedicine) and environmental monitoring. Much research is currently focused on the scientific bottlenecks that pervade the longevity of living organisms, especially human beings. Among these bottlenecks are principally diseases having little or no alternative treatment and healing. An alternative diagnostic and/or treatment that have been displayed in the academic community is called DDS (Drug delivery system) [1] . As said by Abhilash (2010) [2] , and confirmed with the sequenced research, an interdisciplinary approach would ensure that the exciting potential of nanomedicine many levels would be a concreted reality. The combination of the skills of various professionals in the field of medicine, pharmaceuticals, chemistry and physics really facilitate research on nanomedicine or studies DDS e nanorobotics [2] .
NEMS (Nanorobots are NanoElectroMechanical Systems), which represent a new frontier in miniaturization, near the MEMS (Microelectro mechanical systems) that constitute today a multibillion-dollar industry. Nanorobotics and more generally, NEMS research involves design (which often is biologically inspired), prototyping, fabrication, programming and applications such as biomedical nanotechnology. Robotics at any scale involves sensing, control, actuation and propulsion, power, communications, interfacing, and programming and coordination. Emphasis on actuation, which is a fundamental requirement for robotics.
A major obstacle facing this technology nowadays is to lack effective processes for building the nanoscale structures required by the envisaged applications. Research at the University of Southern California, Los Angeles, Laboratory for Molecular Robotics and elsewhere shows that nanomanipulation with SPMs (Scanning probe microscopes) provides an effective approach for constructing nanostructures from the bottom up, by assembling building blocks that result from chemical synthesis (in general, molecules or colloidal nanoparticles). The primary shortcoming of this approach is its sequential nature and the associated low throughput. High throughput may be achieved, however, by massively parallel assembly operations using SPM multichip arrays, which are built by MEMS techniques. For example, an IBM group is building multichip for digital storage applications that are expected to achieve densities on the order of a few Tb/in 2 [3] .
Nanorobots have dimensions close those of biological cells and organelles. This open a colossal array of potential applications in environmental watching for microorganisms and in health care as an example, imagine artificial cells (nanorobots) that patrol the cardiovascular system, notice tiny concentrations of pathogens, and destroy them. This might quantity to a programmable system, and may need sweeping implications in medication, inflicting a paradigm shift from treatment to bar. Alternative applications like cell repair can be attainable if nanorobots were sufficiently small to penetrate the cells. Additionally, minuscule sensors and actuators square measure required if the rising vision of a physically coupled ascended info infrastructure.
Conforming to the Global Oncology Trend Report, by the Quintiles IMS Institute, global spending on cancer medications has reached to $100 billion in 2014 [4] . Cancer treatment is probably the main reason for the development of nanorobotics. Chemotherapeutic agents used in cancer square measure distributed nonspecifically within the body wherever they have an effect on each cancerous and traditional cells, thereby limiting the dose doable inside the growth and additionally leading to suboptimal treatment as a result of excessive toxicities. Molecularly targeted medical care has emerged in concert approach to beat the shortage of specificity of standard therapy agents against cancer [5] . Nanoparticles, by exploitation each passive and active targeting strategies, will enhance the intracellular concentration of medicine in cancer cells whereas avoiding toxicity in traditional cells [6] . Thereby, this Review focuses on recent advances and technology development of nanorobotics harvesting specifically for Drug Delivery Systems application for treatment of cancer.
Materials
In the material selection was included researches that relate studies and technology development of nanorobotics harvesting specifically for Drug Delivery Systems application for treatment of cancer. The search strategy was, first, to look for the definitions of Nanorobots, its structure and design, in more traditional documents to most current. A search was done in the databases of PubMed, Medline, Science Direct, SCOPUS, ISI web of knowledge and grey literature as Google scholar. No restrictions of language or time were applied. The following search terms were used: "drug delivery" and "cancer" or "neoplasms" or "treatment of cancer". Also synonyms and derivate of the terms were used for finding more articles. To have a wide-ranging search and to find possible relevant articles, manual search was done on reference list of articles. They were carried brief accounts of the studies found. It was also conducted a statistical study with respect to the amount of work found in the aforementioned database.
Results and Discussion
According to the research conducted, in general, are defined nanorobots and are included reports of publications about the topics selected in searches. A brief statistical study was carried out using data of found works.
Nanorobots/Nanobots
Eric Dexler in 1986 was already talking about creating machines built atom by atom [7] . Currently, it is expected that nanorobots are the future of technology, health and the environment [8] . The applications of nanorobots are many.
Nanorobots are tiny machines that can work as today's machines, but more exactly, the development of this new technology, brings benefits in medicine, industry, and others areas [1] . They can be applied to solve problems of energy conversion, using catalytic nanomotors, recent studies search the ability to increase the velocity, force, lifetime, of synthetic nanomotors, some nanomotors are able to move, autonomously at speeds approaching 100 body lengths per second. The improving of velocity, motion control and the lifetime of catalytic nanomotors is very important to create power in chip microsystems powered by autonomous transports. Besides, it is possible to apply this new technology to create a laboratory on a chip device [9] .
Another application is to solve infertility problems. German engineers built a nanorobot that connects to the scourge of sperm and acts as an engine by boosting the research aims to make it more accessible and effective fertility treatments [10] . Problems as pollution can also be solved with nanorobots, engineers at the University of California, for instance, are using nanorobots to capture the excess carbon dioxide in the waters of lakes, rivers and even oceans [11] .
Structure and Design of Nanorobots
Two types of nanorobots are most widely researched, organic and inorganic. The organic nanorobots, also called bionanorobots, are manufactured using viruses and bacteria DNA cells. Such nanorobot is less toxic to the organism. Inorganic nanobots are created diamond structures [12] , synthesized proteins [13] and others types of material. These types of robots are more toxic, a way of reducing this problem is to encapsulate the robot, this method also avoids its destruction by the body's defense system, this problem, has been a major challenge faced by researchers [14] . With knowledge about biological motors of living cells, scientists can learn how to power micro sized and nano-sized machines with catalytic reactions [15] .
A team of South Korean scientists, of Chonnam National University, has developed organic nanorobots made with the salmonella bacteria genetically modified in order to not show toxicity, this nanorobot is attracted to molecules released by cancer cells and was named Bacteriobot, with about three micrometers. When they reach the cancer cells, they release the drug, the Bacteriobot were designed to attack colorectal tumors and achieved satisfactory results in tests with laboratory rats [16] .
At Rice University, Texas, United States, a team has created nanomachines that resemble nanocars. The molecules have the basic mechanics of a car: wheels, made with carbon 60, chassis, comprising planar molecules and axes connecting the wheels to the chassis by triple bonds of carbon, these nanocars are able to move over a surface when supplied [16] . Another study, at the Chemistry Institute of the Federal Fluminense University, has developed a nanovalve, formed by a reservoir closed by a door, where dye molecules are stored, they can move out in a controlled manner when the door open. This device is also organic, composed of silica (SiO 2 ), beta-cyclodextrins and organometalic molecules, such nanovalves can be applied in Drug Delivery Systems [17] .
Some research uses proteins, to feed nanomotors that can move large objects, DNA hybridization, antibody protein also is used in the construction of nanorobots. Different types of chemical substances can be employed to functionalize a nanorobot [10] .
Some nanorobots are made of liquid crystal elastomers and are light-activated, presenting advantage is due to an ease internal engine and propulsion, as the one developed by researchers at the Max Planck Institute in Germany that has been made to mimic protozoa, and its composition is such that the body is is green light self-propelled [18] .
One type of inorganic nanorobot was made with an array of tiny planar coils generating fields, these fields create magnetic blocks, representing a possible position for the nanorobot, and they also possess magnetic disk and a lower surface which allows sliding the positions that can be take. The prototype is about two millimeters in diameter, but the researchers plan to improve the design to further decrease the nanorobot size to about 250 micrometers in diameter [19] .
Nanorobotics and DDS
Predictions about the use of nanorobotics considered applications in Central Nervous System (CNS) [20, 21] , cancer treatment [22] [23] [24] [25] , body surveillance, delicate surgeries, endoscopy [21, 26] , among others. Challenges such as limitations of nanotechnology and few studies focused on the fundamental understanding of behavior in the nanoworld, difficult handling and construction of these nanomachines [23, 27, 28] .
In nanomedicine, it has been explored in DDS, which act directly on target points of the human body. Researchers develop systems able to deliver drugs in specific locations also controlling up the dosage and frequency of this release. Drug Delivery Systems can be applied in the treatment of articular diseases, dental, diabetes, cancer and other [1, 2, [29] [30] [31] [32] [33] .
Diseases such neoplasms, hepatitis, diabetes [34] , pulmonary [35, 36] , dentistry [37] and cancer [23] can be used nanorobotics technology as a means of implementing the DDS. One of the advantages of this technology is the diagnosis and treatment of the diseases with minimum prejudice to the healthy cells lowering the risk of unfavorable effect [21, 38] , directing healing and reconstructive treatment at the cellular and subcellular stances [34] .
Technology Applied in Nanorobotics for Use as DDS
Recent improvements in drug delivery turns up higher quality in targeted drug delivery that identify the specific cells with the self of nanosensors and regulate the discharge by use of smart drugs [39] .
Some researchers classify nanorobots in drug delivery and therapeutics according to the their applications, which are described below [39] [40] [41] [42] [43] [44] :
Pharmacyte: Classified as medical nanorobots size of 1-2 μm able to carrying up 1 μm 3 a given drug in the tanks. They are controlled using mechanical systems for sorting pumps. Depending on the situation the weight is discharged in the extracellular fluid or cytosol (the aqueous component of the cytoplasm of a cell).
They are provided with a molecular markers or chemo tactic sensors that guarantees full targeting accuracy. Glucose and oxygen extracted from the local environments such as blood, intestinal fluid and cytosol are the onboard power supply. After the nanorobot completing tasks they can be removed or recovered by centrifuge nanapheresis [39] [40] [41] . Diagnosis and Imaging: The authors cite microchips that are overlaid with human molecules. The chip is projected to send an electrical signal when the molecules detect a disease. Gives an example of special sensor nanobots that can be introduced into the blood under the skin where they verify blood contents and notify of any possible diseases. They can also be used to monitor the sugar level in the blood. Advantages are the low price to produce and easily to manipulate [39, 45] .
Respirocytes: It's about an artificial red blood cell which is a blood-borne spherical 1 µm diamondoid 1,000-atmosphere pressure vessel with reversible molecule-selective pumps. The power is obtained by endogenous serum glucose. This artificial cell is able to give 236 times more oxygen to the tissues per unit volume than RBCs (Red blood cells) and to administer acidity. The nanomachine is constructed with 18 billion atoms justly organized in a diamondoid pressure tank that is pumped full of up to 3 billion oxygen (O 2 ) and carbon dioxide (CO 2 ) molecules. It is possible to release these gasses from the tank. Gas concentration sensors on the outside will signal when it is time to discharge O 2 and unload CO 2 [39, 40] .
Clottocytes: This nanorobot is classified with a unique biological capability: "instant" hemostasis using clottocytes, or artificial mechanical platelets. It is known that platelets are roughly spheroidal nucleus-free blood cells measuring approximately 2 µm in diameter. Platelets join at a place of bleeding. There they are activated, becoming tacky and lumping together to form a tampon that aid stamp the blood vessel and stop the bleeding. They also delivery substances that help promote coagulating. Another interesting feature is its ability to perform phagocytosis of foreign particles and killing of microfilarial larval parasites. A complete functional design is elaborate but the work of Freitas (2016) [46] focus on the purely mechanical aspects of the hemostatic function of platelets, and report the function in a small in vivo population of medical nanorobotic devices.
Microbivores [42] . Thus, according to the existing technological proposals, nanorobots are an efficient and innovative way for applications in nanomedicine, including DDS and theranostic [47] (diagnostic and therapeutic). Searching keywords "drug delivery systems" in database Periódicos CAPES [48] , it was obtained 176, 511 publications. Only 0.21% is related to nanorobotics, and this amount of work only 8% have the relationship "drug delivery systems and nanorobotics". Another database searched was Web Of Science [49] . The results were 113,896 publications with the keyword "drug delivery" and 201 for nanorobotics. The survey also showed that only 0.02% was published with the correlation "drug delivery and nanorobotics". Before the number of published papers, it is noted that much more should be done so that nanomedicine can grow apace with the help of nanorobotics in treating diseases, in particular cancer.
Drug Delivery Systems for Anticancer Drugs
The therapeutic index of most anticancer drugs is narrow, causing toxicity to normal stem cells, hematological adverse effects, gastrointestinal among other. Doxorubicin is used in several types of cancer, such as HD (Hodgkin's Disease), in which treatment is administered in combination with other antineoplastic agents in order to reduce their toxicity [50] . The Paclitaxel is administered by intravenous infusion and plays a role in the treatment of breast cancer. Among the adverse effects encountered some serious, are bone marrow suppression and cumulative neurotoxicity [51] . Cisplatin is an alkylating agent which causes intra DNA binding filaments. Some of its side effects are nausea and severe vomiting as well as can be nephrotoxic [51] . Camptothecin is used in the treatment of neoplasias due to inhibition of type I topoisomerases, an essential enzyme for cellular replication genetic material [50] . Several efforts have been implemented with the intention of using nanotechnology to develop DDS that can minimize the harmful effects of conventional therapies. Clinical trials are studies in humans to measure the parameters of safety and efficacy of new drugs, it is essential for the arrival of new therapeutic alternatives in the market [52] . Anyway, just a few Drug Delivery Systems reached more advanced stages of clinical evaluation such as basically consisting of doxorubicin, paclitaxel, camptothecin and platinum complexes Anyway just a few DDS reached more advanced stages of clinical evaluation such as basically consisting of doxorubicin, paclitaxel, camptothecin and platinum complexes [53] . Doxorubicin was stacked on the surface of Single-Walled Carbon Nanotubes (SWNTs) [54] . The Again, observing the research with the themes "Drug delivery Systems and Cancer" found a total of 31134 publications [49] . As noted in recent years, the interest increase the DDS is directly associated with the need for alternative conventional chemotherapeutics which possess some serious side effects to the patient [60] .
Limitations of Chemotherapy
The Conventional chemotherapeutic agents work by destroying rapidly dividing cells, which is the main property of neoplastic cells. This is why chemotherapy also damages normal healthy cells that divide rapidly such as cells in the bone marrow, macrophages, digestive tract, and hair follicles [61] . The conventional chemotherapy is that it cannot give selective action only to the cancerous cells. This results in common side effects of most chemotherapeutic agents which include myelosuppression (decreased the production of white blood cells causing immunosuppression), mucositis (inflammation of the lining of the digestive tract), alopecia (hair loss), organ dysfunction, and even anemia or thrombocytopenia. These side effects sometimes impose dose reduction, treatment delay, or discontinuance of the given therapy [62] . Furthermore, chemotherapeutic agents often cannot penetrate and reach the core of solid tumors, failing to kill the cancerous cells [63] .
Traditional chemotherapeutic agents often get washed out from the circulation being engulfed by macrophages. Thus they remain in the circulation for a very short time and cannot interact with the cancerous cells making the chemotherapy completely ineffective. The poor solubility of the drugs is also a major problem in conventional chemotherapy making them unable to penetrate the biological membranes [64] . Another problem is associated with P-glycoprotein, a multidrug resistance protein that is overexpressed on the surface of the cancerous cells, which prevents drug accumulation inside the tumor, acting as the efflux pump, and often mediates the development of resistance to anticancer drugs. Thus the administered drugs remain unsuccessful or cannot bring the desired output [60, 65] .
Nanorobots in Cancer Treatment
Cancer could be defined as the group of diseases characterized by the uncontrolled growth and spread of abnormal cells in the body is what defines cancer, and the number of individuals affected each year continues to climb [66] . Cancer takes the first place in the research due to its effect of human life and its cost to the economy. Conforming to the Global Oncology Trend Report, by the IMS Institute for Healthcare Informatics, global spending on cancer medications has reached to $100 billion in 2014 [4] .
Cancer treatment is probably the main reason for the development of nanorobotics, it can be successfully treated with current stages of medical technologies and therapy tools with the help of the nanorobotics. For determine the prognosis and chances for a patient with cancer to survive it could be consider: time of disease evolution considering the diagnosis time if earlier have better prognosis; another important aspect to achieve a successful treatment for patients is the development of efficiently targeted drug delivery to decrease the side effects of chemotherapy [67] .
Considering the properties of nanorobots to navigate as bloodborne devices, they can help important treatment processes of complex diseases in early diagnosis and smart drug delivery [41] . A nanorobot can provide an efficient early diagnosis of cancer and help with smart chemotherapy for drug delivery. Nanorobots as drug carriers for timely dosage regimens allows maintaining the chemical compounds for a longer time as necessary into the bloodstream circulation, providing predicted pharmacokinetic parameters for chemotherapy in anti-cancer treatments [21, [68] [69] [70] .
It avoids the current resulting extravasations towards nonreticuloendothelial-located cancers with the high degenerative side-effects during the chemotherapeutic process [71] . Nanorobots with chemical nanobiosensors can be programmed to detect different levels of E-cadherin and beta-catenin as medical targets in primary and metastatic phases [72, 73] , helping target identification and drug delivery.
Drug Delivery and Nanorobots in Cancer Treatment
The clinical use of nanorobots for diagnosis, therapeutic and surgical purposes should be done with intravenous injection. Therefore, the nanorobots can be released directly into the patient's bloodstream. The major cancer treatment cycle for chemotherapy pharmacokinetics includes absorption and metabolism, plus a break for the body's re-establishment before the next chemotherapy session. Patients are normally treated in cycles of every 2 weeks for small tumors [74] . As an initial time threshold for medical purpose, nanorobots should be able to analyze and provide a body diagnosis within one week through the use of proteomic-based sensors. The uptake kinetics of a low molecular weight using a magnetic resonance contrast agent can predict the delivery of protein drugs to solid tumors [75] . Hence, a similar approach is useful to verify in vivo nanorobot's biosensor activation through targeted antigen detection [76] .
The test and diagnosis is an important part of the research on nanorobotics. It enables rapid testing diagnosis at first visit so without the need of follow-up visit after the lab test, and detection of diseases at an earlier stage. The limitation in in vivo use of nanorobot is the need of energy for propulsion. Higher levels of energy are required since "low inertia and high viscous forces are coupled with low efficiency and low convective motion" [77] .
The fuels of chemically powered nanomotors were toxic. The availability of alternative sources of energy such as sound waves [78] and light has led an increase in the research of in vivo use of nanorobots where resulted in more patent applications.
One study of nanomotors is the "Acoustic Propulsion of Nanorod Motors Inside Living Cells" [78] which was a result of the development of ultrasonic-wave powered minerals, which are safe for living systems.
Gao et al. [79] reported an in vivo model of artificial micromotors in a living organism. The model examines the distribution, retention, cargo delivery, and acute toxicity role of synthetic motors in mouse stomach via oral administration. This work is anticipated to significantly advance the emerging field of nano/micromotors and to open the door to in vivo evaluation and clinical applications of these synthetic motors". This development may be an important step for the possibility of in vivo applications of the drug delivery for the cancer treatment with decreasing the side effects of chemotherapy. Juul et al. [80] published a paper on their research into nanorobots that contain medicine that can be opened and closed based on the surrounding temperatures.
Recently, Park et al. (2014) [81] reported a bacteria-based microrobot (bacteriobot) as a new type of active drug delivery system. In the study, genetically modified non-toxic Salmonella typhi-murium (flagellar bacteria) which is attracted to chemicals released by cancer cells are used.
Perrault and Shih from Wyss Institute for Biologically Inspired Engineering at Harvard University introduced virus-inspired enveloped DNA nanostructures as a design strategy for biomedical applications [82] .
Recent studies revealed that nanotechnology, DNA engineering of molecular-scale devices with superb control over geometry and site-specific functionalization promises fascinating advantages in advancing nanomedicine. However; instability in biological environments and innate immune activation remain as obstacles for in vivo application.
After nanorobots cross cellular membranes for targeted delivery, drug retention in the tumor will determine the therapeutic efficiency. The chemotherapy is influenced by drug transfer processes from plasma to tissue in achieving more effective tumor chemotherapy based on its composition [75] . Thus, the major advantage of nanorobots for cancer drug delivery is to minimize chemotherapy side effects. As the best approach, the nanorobot architecture incorporates CNT (Carbon nanotubes) and DNA (Deoxyribonucleic acid) that are recent candidates for new forms of nanoelectronics [83] .
A CMOS (Complementary metal oxide semiconductor) for constructing circuits with feature sizes in the tens of nanometers [84] as a hybrid biosensor with single-chain antigen-binding proteins [85, 86] . This process uses activation based on proteomics and bioelectronics signals for medicament release. Therefore, each time the nanorobot detects predefined changes of protein gradients, nanoactuators are activated to manipulate drug delivery.
Changes to chemical and thermal signals are applicable conditions directly related to major medical target identification. Some examples of changing protein concentrations inside the body near a medical target under pathological circumstances are NOS (Nitric oxide synthase) [87] , E-cadherin [72] and Bcl-2 [88] . Moreover, a change of temperature normally occurs for inflamed tissues [89] . The model incorporates chemical and thermal parameters as clinically and therapeutically the most important guidelines on nanorobot prototyping analysis. The simulation in a 3D real-time environment aims to establish a useful framework as a testbed for nanorobot foraging inside the body. One of the advances shows a hardware architecture based on Nanobioelectronics is described for the application of nanorobots for cancer therapy [90, 91] .
The scientists have genetically modified salmonella bacteria that are drawn to tumors by chemicals secreted by cancers cells. The bacteria carry microscopic robots, about 3 micrometers in size that automatically release capsules filled with drugs when the bacteria reach the tumor. By delivering drugs directly to the tumor, the nanorobot, which the team named bacteriobot, attacks the tumor while leaving healthy cells alone, sparing the patient from the side effects of chemotherapy. Bactiriobot can only detect tumor-forming cancers, such as breast cancers and colorectal, but the nanorobot will eventually be able to treat other cancers as well [75] . Another advance of nanorobots and drug delivery has avoided by using existing organisms such the 'magnetotactic bacteria' Magnetospirillum gryphiswaldense. These bacteria have a natural magnetic polarity that allows them to be moved by computational external electrical currents combined to form magnetotaxis [92] .
Faced with the bottlenecks found in those studies and the existence of other more, you can observe this phenomenon in the survey conducted in database Web Of Science [49] , about "Drug delivery and Cancer", Drug delivery and Nanorobotics" and Drug delivery and Treatment of cancer". The results are depicted in Fig. 1 .
The results of Fig. 1 refers to the number of publications already made and that are present in databases available by Web of Science portal. Despite current technological advances and application prospects of this impressive nanotechnology, these results indicated the complexity of the issue and the difficulty of achieving tangible results. Also demonstrates the need for greater investment to conduct research in the area. However, it is observed that the evolution of nanotechnology possibly triggers an accelerated development of all research related to nanoworld, including rapid insertion of nanorobots in conventional medicine.
Conclusions
This review aimed at giving an overview of the present status of nanorobotics in cancer therapy.
Cancer takes the first place in the research due to its effect of human life and its cost to the economy. So, it was presented a study on different approaches employed towards cancer treatment using nanorobots.
Thereby, this review focused on recent advances and technology development of nanorobotics harvesting specifically for Drug Delivery Systems application for treatment of cancer. Therefore, cancer treatment is probably the main reason for the development of nanorobotics, i.e., it can be successfully treated with current stages of medical technologies and therapy tools with the help of the nanorobotics.
